Cardiac ischemia associated with acute coronary syndrome and myocardial infarction is a leading cause of mortality and morbidity in the world. A rapid detection of the ischemic events is critically important for achieving timely diagnosis, treatment and improving the patient's survival and functional recovery. This minireview provides an overview on the current biomarker research for detection of acute cardiac ischemia. We primarily focus on inosine and hypoxanthine, two by-products of ATP catabolism. Based on our published findings of elevated plasma concentrations of inosine/hypoxanthine in animal laboratory and clinical settings, since 2006 we have originally proposed that these two purine molecules can be used as rapid and sensitive biomarkers for acute cardiac ischemia at its very early onset (within 15 min), hours prior to the release of heart tissue necrosis biomarkers such as cardiac troponins. We further developed a chemiluminescence technology, one of the most affordable and sensitive analytical techniques, and we were able to reproducibly quantify and differentiate total hypoxanthine concentrations in the plasma samples from healthy individuals versus patients suffering from ischemic heart disease. Additional rigorous clinical studies are needed to validate the plasma inosine/hypoxanthine concentrations, in conjunction with other current cardiac biomarkers, for a better revelation of their diagnostic potentials for early detection of acute cardiac ischemia.
Introduction
Based on the recent epidemiologic data reported by the American Heart Association and the World Health Organization, cardiovascular diseases represent the leading cause of death worldwide. [1] [2] [3] [4] Approximately 24 individuals die every minute in the world from heart attacks, with many individuals waiting more than two hours before choosing to seek emergency medical services. The American Heart Association cites that approximately 75-80% of heart attacks occur at home, with a mortality rate of over 92% for those individuals experiencing a heart attack outside of the hospital setting and this rate has remained relatively unchanged over the last three decades. 5 In addition, of the 7-8 million individuals who do present to the hospital emergency room with non-traumatic chest pain, approximately 500,000 are discharged after being evaluated only to subsequently experience a heart attack. 6, 7 These sobering heart attack statistics both within the USA and worldwide clearly demonstrate the critical need for endogenous biomarkers aiming at early detection of acute cardiac ischemia. Therefore, the importance of addressing improved diagnostic capabilities during the early onset of acute cardiac ischemia for life saving and improvement of clinical outcomes in patients with acute myocardial infarction remains as an unmet global need.
The clinical symptoms of patients during the onset of acute cardiac ischemia may include non-traumatic chest pain, which is one of the leading causes for visits to the hospital emergency room (ER). Non-traumatic chest pain can be caused by more than a dozen of medical conditions, e.g. gastroesophageal reflux, musculoskeletal pain, nerve impingement, pulmonary embolus, acute pericarditis, peptic ulcer, and anxiety attack. This complex nature of chest pain often makes it difficult for ER personnel to start necessary life-saving treatments (such as thrombolysis and percutaneous coronary angioplasty) for the patients suffering acute myocardial infarction (AMI). Current emergency medical evaluation on chest pain patients with suspected AMI includes obtaining the patient history, signs and symptoms, vitals, electrocardiogram (ECG), and blood testing for the biomarkers of AMI, such as myoglobin, creatine kinase (CK), and more cardiac specific biomarkers -myocardial muscle creatine kinase (CK-MB) and cardiac troponins (cTn). 8 However, the accuracy for diagnosing acute MI is still relatively low. When using patients' signs and symptoms, ECG and cardiac-specific troponin together, the diagnostic accuracy is approximately 50%. With the addition of the recently FDA approved ischemia-modified albumin assay, the diagnostic accuracy has increased to approximately 70%. Therefore, there is still an urgent need for identifying additional biomarkers for a more rapid detection of acute cardiac ischemia, in order to substantially improve the diagnostic accuracy and timeliness for initiating medical treatments.
Biochemical pathways and theoretic basis for cardiac hypoxia/ischemia-induced ATP breakdown and the resultant purine products -inosine and hypoxanthine as potential biomarkers for acute cardiac ischemia As the vital engine for blood circulation, heart muscle utilizes adenosine triphosphate (ATP), a high-energy phosphate molecule, as its primary fuel to perform contraction-relaxation for pumping blood. Vast majority of ATP (80%) in cardiac cells is produced by the powerhouse cellular organelle -mitochondria -via aerobic oxidative phosphorylation in the electron transport chain. In order to produce large quantities of ATP in supporting the functional demand of heart, human cardiac cells have an abundance of mitochondria, which comprise approximately 40-50% of the cardiac cellular mass. Since this crucial aerobic process is heavily oxygen dependent, there are major metabolic consequences caused by disruption or reduction of blood flow in coronary circulation and the resultant decrease in oxygen supply to the affected portion of myocardium (i.e. ischemia) and/or other types of lack of oxygen (i.e. hypoxia) in myocardial tissues caused by environmental factors or demand/supply imbalance, etc.
As illustrated in Figure 1 , at the onset of cardiac ischemia/hypoxia, the high energy phosphates (creatine phosphate and ATP) are rapidly depleted and heart tissues would lose 65% of their ATP contents within 15 min of total ischemia. 9 Such ischemic events in turn mobilize a ATP breakdown cascade 10 that leads to cellular accumulation of ATP catabolic by-products, including adenosine diphosphate (ADP), adenosine monophosphate (AMP), and activates normally dormant enzymes, such as 5 0nucleotidase, adenosine deaminase, purine nucleoside phosphorylase, and xanthine oxidase, which sequentially catabolize AMP into adenosine, inosine, hypoxanthine, xanthine, and uric acid. Upon reperfusion of the heart with oxygenated blood or perfusate, xanthine oxidase and xanthine dehydrogenase convert hypoxanthine to xanthine and uric acid.
It should be emphasized that inosine and hypoxanthine are small polar substances with low molecular weight of 268 Dalton (Da) for inosine and 136 Da for hypoxanthine. Therefore, inosine and hypoxanthine can be instantly transported by passive diffusion from affected heart tissue into the bloodstream, a process that is also facilitated by equilibrative nucleoside transporters (ENT) and/or concentrative nucleoside transporters (CNT) 11 (Figure 1 ). Since an acute cardiac ischemic event occurs at the onset of myocardial infarction, it is conceivable that the concentrations of Basic laboratory evidence in animal models of acute cardiac ischemia suggesting inosine and hypoxanthine as highly prominent and sensitive biomarkers for myocardial ischemic events
To the best of our knowledge, the first report of a release of significant amounts of inosine and hypoxanthine from the heart during ischemia/hypoxia can be found in the seminal work published a half of century ago by a legendary cardiovascular physiologist -Robert M. Berne in 1963. 12 However, in his study Dr. Berne focused only on his newly discovered vasodilatory effects of adenosine, which could serve as a feedback mechanism for regulating coronary flow under cardiac hypoxia or ischemia. There was no suggestion for these ATP breakdown by-products as potential candidate biomarkers for cardiac ischemia. This interesting phenomenon of cardiac efflux of adenosine/inosine/hypoxanthine triggered by hypoxia/ischemia has been subsequently confirmed by other American and European investigators since 1980s in various animal models of cardiac ischemia. 10, 13 For example, in 1981 Jennings et al. used healthy mongrel dogs with both ex vivo (excised heart) and in vivo cardiac ischemia. 10 The eluted nucleotides and their by-products (e.g. inosine, hypoxanthine) were evaluated. They reported that during both ex vivo global cardiac ischemia and in vivo regional ischemia (via ligation of coronary artery), a significant elevation of inosine and hypoxanthine concentrations were detected in blood or coronary effluent as early as 15 min after the in vivo ischemia and 60 min after the ex vivo global ischemia. Similar findings were also reported in other studies using isolated rat or rabbit hearts. 14, 15 It is noteworthy that de Jong and co-workers demonstrated in isolated adult or neonatal rat hearts that there were large age-related differences in purine release. 16, 17 In the early phase of reperfusion, adult hearts released inosine (58%) and adenosine (18%), whereas newborns released inosine (53%) and hypoxanthine (38%). The authors interpreted the data as a lower activity of xanthine oxidoreductase (XO) in newborn hearts, which was confirmed by enzymatic assay. ATP-catabolite release during reperfusion was less in newborn than in the adults' hearts, and this coincided with lower xanthine oxidase activity. 16, 17 In another elegant study published in 1996, Mei and colleagues introduced a fast and sensitive method for a simultaneous determination of adenosine, inosine, hypoxanthine, xanthine, and uric acid in the interstitial fluid of canine myocardium. 18 They used microdialysis, microbore column high-performance liquid chromatography (HPLC), and a photo diode array detector, which allowed the simultaneous detection of UV absorbance at multiple wavelengths, allowing the detection of each compound at their maximal UV absorbance. Such use of a microbore HPLC column and detection of UV absorbance could improve the measurement sensitivity. These authors thoroughly demonstrated the temporal effect of myocardial ischemia and reperfusion upon interstitial adenosine, inosine, hypoxanthine, xanthine, and uric acid concentrations in an in vivo canine model. 18 Similarly, Backstrom et al. employed a pig model of cardiac ischemia via coronary artery occlusion (for 0, 10, 15, or 60 min) using microdialysis catheterization at several different blood vessel sites including great cardiac vein and pulmonary artery. 13 They reported a significant increase in dialysate concentrations of inosine and hypoxanthine at the time points of 15 and 60 min after ischemia, as compared with the pre-ischemic baseline concentration, suggesting a graded outflow of purine metabolites in response to the ischemic conditions.
In order to test our original hypothesis that inosine and/ or hypoxanthine could serve as potential biomarker(s) of acute cardiac ischemia, we performed an ex vivo study using Langendorff isolated buffer-perfused mouse hearts. 19 A well-established protocol of cardiac ischemiareperfusion consisted of 30 min of stabilization, 20 min of zero-flow global ischemia, and 30 min of reperfusion, as per our previous publications in the field of cardioprotection against ischemia-reperfusion injury. [20] [21] [22] [23] Time-matched normoxic perfusion was carried out as the control group. Upon heart reperfusion, samples of coronary effluent from the isolated hearts were collected at predetermined timepoints (0, 1, 3, 5, 10, and 20 min) for HPLC analysis. Our key findings were the significant efflux amount of inosine (22 to 69 fold), hypoxanthine (>7 fold), xanthine (3 fold), and uric acid (3 fold) found in the perfusate from the mouse hearts following 20 min of global ischemia, as compared with the non-ischemic normoxic control hearts. 19 In a subsequent study, we determined the effects of salicylic acid on inosine efflux, 24 since acetyl salicylic acid (aspirin) is one of the most widely prescribed drugs in the patients with high risk for heart attack and it may have inhibitory effects on oxidative phosphorylation and ATP synthesis in cardiac mitochondria. Interestingly, we observed that inosine efflux was approximately nine times higher in the ischemic hearts perfused with Krebs buffer fortified with 1.0 mM salicylic acid than those without salicylic acid (P < 0.01). 24 These results indicate a significant potentiation of ATP nucleotide catabolism into its metabolites, and inosine and hypoxanthine can be resulted from salicylic acid at 1.0 mM, a common anti-arthritic or anti-inflammatory concentration in current clinical practice. Salicylic acid (0.1 or 1.0 mM) did not appreciably inhibit purine nucleoside phosphorylase (the enzyme converts inosine to hypoxanthine) suggesting that the augmented inosine efflux was due to the salicylic acid effect on upstream elements of cellular respiration. While postischemic cardiac function was further depressed by 1.0 mM salicylic acid, perfusion with 0.1 mM salicylic acid led to a remarkable functional improvement despite moderately increased inosine efflux (2.7-fold). We concluded that inosine was a sensitive biomarker for detecting cardiac ischemia and salicylic acid-induced effects on cellular respiration. However, the inosine efflux concentration appears 
Clinical evidence from plasma samples of ER chest pain patients for supporting inosine and hypoxanthine as biomarkers for acute cardiac ischemia in humans
The post-ischemia efflux of inosine and hypoxanthine identified in the aforementioned animal studies has also been examined in several clinical studies since 1980s. [25] [26] [27] Notably, in 1981, Harmsen et al. used an isocratic HPLC system to measure purine nucleosides and oxypurines in blood samples of six healthy volunteers and 13 patients with angiographically documented ischemic heart disease, undergoing an atrial pacing stress test. 26 They reported no significant release of adenosine, inosine or xanthine was detectable in the blood stream. However, another study from Russia (1989) reported that a rise in intermediate and end products of purine metabolism (inosine, hypoxanthine, xanthine, uric acid) was found in venous blood of patients with AMI and angina pectoris. 25 In 1994, Kock et al. showed that no significant differences were observed for the serum concentration of hypoxanthine and xanthine, both the sum (hypoxanthineþxanthine) and ratio (xanthine/hypoxanthine), between the healthy males, healthy females, the patients suffering from angina pectoris, and the patients suffering from cerebral insult, although an increase of serum xanthine concentration was found in the patients with AMI. 27 However, in our opinion, the potential artifacts caused by blood sampling methods with SST vacutainer gel tubes may have contributed to these negative findings on inosine/hypoxanthine in AMI patients. 27 It is possible that using serum (SST) tubes could result in red blood cell (RBC) hemolysis during the blood sample preparation and since RBC also functions as an ATP storage vesicle, ATP released from the RBC into the blood sample matrix would enzymatically be converted to form artificially high concentrations of hypoxanthine.
On the other hand, the HPLC-UV results from our human plasma evaluations support inosine and hypoxanthine as potential candidate biomarkers for indicating acute cardiac ischemia. 28 In this study, residual plasma samples (heparinized) from ER non-traumatic chest pain patients were obtained and evaluated using a validated quantitative HPLC-UV method. Briefly, the plasma samples were prepared using 10 K MWCO filters, with 15 mL of the filtrate injected for HPLC-UV analysis. Figure 2 depicts an overlay of HPLC-UV chromatograms representing a calibration standard, a healthy individual (Control), two positive cardiac troponin T (cTnT) samples (cTnT 6.64 and cTnT 0.55 mg/L), and two chest pain patient samples (CP-294 and CP-307). 28 The representative chromatogram of a control subject had a typical quantifiable concentration of hypoxanthine, with no detectable amount of inosine. The hypoxanthine concentrations for normal subjects were consistent with those previously reported in literature. 29 The plasma samples with elevated cTnT concentrations were purchased from a FDA-approved biospecimen repository with validated cTnT values (6.64 and 0.55 mg/L). There was an inverse relationship between the concentrations of cTnT and hypoxanthine, which will be discussed in the next section of this article.
As seen in the CP-294 and CP-307 samples, hypoxanthine concentrations were found significantly elevated as compared with the control subjects, whereas CP-307 also had an increased inosine concentration. Inosine was typically found at low or non-detectable concentrations, most likely depending on how long the whole blood sample sat prior to separate the heparinized plasma from the blood cells. This is because in human whole blood, RBC contains purine nucleoside phosphorylase (PNP), an enzyme that converts inosine to hypoxanthine. On the other hand, in our previous study using ex vivo Langendorff isolated mouse hearts perfused with a RBC-free Krebs buffer solution, 19 and we detected high concentrations of inosine and very low to non-detectable concentrations of hypoxanthine following 20 min of global cardiac ischemia (see Figure 3 for original LC-ESI-MS data confirming the presence of elevated inosine). The presence or lack of PNP (to convert inosine to hypoxanthine) would determine the relative increases in inosine and/or hypoxanthine among these ex vivo 19 and in vivo 28 studies. Figure 4 is a bar chart depicting results of plasma samples from healthy individuals (Ino n ¼ 13, Hypo n ¼ 19) and first blood sample draws from ER non-traumatic chest pain patients (n ¼ 20). The plasma concentrations of inosine and hypoxanthine were significantly elevated in the ER patients, as compared to the normal subjects ( Figure 4) . The HPLC-UV method for plasma evaluation was quantitative and fit-for-purpose validated, with an analytical run time of 20 min. The method demonstrated linearity from 1.8 to 184 mM (R>0.99) for both inosine and hypoxanthine, with a limit of detection at 0.7 mM. The simple sample preparation using MWCO filters yielded 98% recovery of these analytes, with 15 mL of the filtrate being injected for HPLC analysis. Nevertheless, HPLC technology cannot be utilized for a point-of-care analysis for several obvious reasons, such as high cost, large equipment size and a strict requirement of technical expertise for performing the sample measurements.
To further develop a cost-effective point-of-care technology for rapid measurement of plasma inosine and hypoxanthine, several important criteria have to be satisfied, including portable size, ease of use, speed of analysis, specificity, sensitivity and reproducibility. We have developed a chemiluminescence method using a microplate luminometer to address the issues of equipment size, ease of use, speed of analysis, specificity, sensitivity and reproducibility. 30 Our simple method utilizes a small quantity of plasma and employs enzymes to convert inosine and hypoxanthine to their metabolic products. As these substratespecific enzymes turn over, free radicals are generated and excite a sensitive luminescent material, which generates a quantifiable blue-green light. The light intensity is positively correlated with the concentrations of inosine and hypoxanthine presented in the plasma samples. Furthermore, the chemiluminescence method is rapid (30 sec), specific (utilizes enzymes), sensitive (10 mL plasma), and reproducible.
As demonstrated in Figure 5 , the chemiluminescence (RLU) lights generated by the chest pain patients were significantly higher than those generated by healthy subjects. The RLU peak maximum signal rapidly occurs within 5 s after the enzyme XO is injected into the sample.
Comparative analysis of inosine and hypoxanthine with other current and potential biomarkers for acute cardiac ischemia: pros and cons
In order to provide a head-to-head comparison between inosine/hypoxanthine and other current or potential biomarkers for cardiac ischemia, in Table 1 we summarize the key characteristics, i.e. molecular weight (MW), detectable time, sensitivity, specificity, etc. The advantages versus disadvantages between each of the biomarkers are discussed in more detail in the following paragraphs.
Among the biomarkers listed in Table 1 , several protein and peptide biomarkers are currently used to detect heart disease, including myoglobin, CK-MB, lactate dehydrogenase (LDH), and cardiac troponins (cTnI and cTnT) for indicating cardiac tissue necrosis, whereas Btype natriuretic peptide (BNP) and N-terminal pro-BNP are used as indicators of heart failure. These protein biomarkers can be used individually or in a panel to improve their diagnostic accuracy. In particular, the cardiac troponins have demonstrated higher specificity and sensitivity for indicating AMI, because they are structural components of the thin filament of myocardium, which are leaked from the necrotic cardiomyocytes into the bloodstream following a heart attack. A recently reported improvement to the cardiac troponin luminescence assay, termed high sensitivity cardiac troponin (hscTn), allows for earlier detection of the cardiac troponins in plasma. cTn and hscTn have become the gold standard biomarkers for AMI. However, these protein biomarkers (MW > 24000 Da) indicating AMI are typically detectable several hours after the cardiac ischemia event. Therefore, an unmet critical care need still exists for a biomarker to rapidly detect the early onset of acute cardiac ischemia, prior to AMI. Another FDA-approved diagnostic approach (2003) is the ischemia-modified albumin (IMA) -a serum protein (MW 66,437 Da) that detects albumin in the bloodstream that has been modified by ischemia-generated free radicals (e.g. hydroxyl radicals) at the amino end terminus of the albumin moiety. The FDA clearance was based on the use of IMA in conjunction with two other diagnostic tests (e.g. electrocardiogram and cTn). This test utilizes an aqueous cobalt chloride solution and under conditions of acute cardiac ischemia, the cobalt cannot bind to the free radicalmodified amino terminus of albumin and in turn affects the final color of the solution, which is measurable using a spectrophotometer. It is notable that several recent clinical studies have reported significant false positive results of the IMA test, specifically for patients having cancer, liver disease, infections, brain ischemia, and end-stage renal disease. 8, 31 In addition, several non-protein biomarkers are currently under evaluation for acute cardiac ischemia; however, none has been approved by the FDA for clinical use. These small molecule biomarkers include choline 32 and unbound free fatty acids (FFAu). 8 can be released into the bloodstream. Indeed, elevated whole blood concentrations of choline from patients undergoing acute cardiac ischemia were reported using LC-MS technology. 32 As the chemical structure of choline can be defined as a small organic molecule with a charged quaternary ammonium group, it may be difficult to develop an antibody to bind to it for use in an immunoassay clinical test method. Hence, due to such methodological limitations, choline may not be suitable for use in a simple point-of-care test method. Another small molecule -free fatty acids (FFA; MW < 500 Da) -is found in the bloodstream bound to albumin, with a small amount of FFAs found in the unbound form (FFAu). Under conditions of cardiac ischemia, the concentrations of FFAu are found significantly elevated. The determination of FFAu concentrations consists of their binding to a protein labeled with a fluorescent tag and subsequent measurement using a fluorimeter. It was recommended that additional clinical evaluations should be conducted to further evaluate the potential of these small molecules as biomarkers of acute cardiac ischemia. 8 To this context, inosine and hypoxanthine have some unique features as biomarkers for cardiac ischemia (see Table 1 ). Inosine and hypoxanthine are small stable organic substances typically found in human plasma at low concentrations (inosine 0.75 to 1.49 lM, hypoxanthine 1.47 to 2.94 lM), resulting from purine metabolism. 29 In 1994, Kock et al. studied the role of xanthine oxidase in purine metabolism in patients with myocardial ischemia. 27 They evaluated components such as hypoxanthine, xanthine, and uric acid, and reported insignificant differences in hypoxanthine concentrations between their healthy males and patients with AMI and other ischemic diseases. 27 However, they did not measure inosine. An earlier study by Harmsen et al. (1981) reported elevated blood concentrations of hypoxanthine in the patients with documented ischemic heart disease undergoing atrial pacing stress testing as compared with healthy volunteers, whereas the concentrations of adenosine, inosine and xanthine did not significantly change. 26 In 1989, another group also reported a rise in purine metabolic end-products in patients with angina and MI. 25 They suggested that plasma concentrations of xanthine and uric acid were better indicators of the severity of cardiac ischemia than inosine and hypoxanthine concentrations. However, since both xanthine and uric acid can be increased by other medical conditions, such as xanthine oxidase deficiency (for xanthine) and gout (for uric acid), these two substances may produce false positive results in their use as biomarkers for acute cardiac ischemia.
Mean Plasma Inosine and Hypoxanthine Concentrations of Chest Pain Patients and Healthy Normal Individuals
A more recent metabolomic study applied a novel LC-MS/MS technique in blood samples from patients who underwent heart surgery. 33 The metabolomics profile identified several small organic substances (e.g. threonine, aconitric acid, and, to our primary interest, hypoxanthine), which were significantly elevated as early as 10 minutes after beginning the surgical intervention (i.e. alcohol septal ablation for hypertrophic obstructive cardiomyopathy). This interesting small molecule metabolomics approach may represent a shift from the current paradigm of primarily focusing on the discovery of proteins as disease biomarkers. Our research group utilized blood samples acquired from non-traumatic chest pain patients admitted by a local hospital ER. 28 These patients had chest pain with potential acute cardiac ischemia for several hours and we found elevated plasma concentrations of inosine and/or hypoxanthine in all of the samples.
It is noteworthy that there are also some potential sources of errors in the use of inosine and/or hypoxanthine as plasma biomarkers for cardiac ischemia. First, individuals born with enzyme deficiencies (e.g. adenosine deaminase or purine nucleoside phosphorylase) can cause erroneous results, either false negative or false positive. However, these individuals should have a medical history of immune system problems, which are due to these enzyme deficiencies. Similarly, the patients with xanthine oxidase deficiency or taking xanthine oxidase inhibitorallopurinol for treatment of gout -may have elevated Table 1 Comparative summary of current and potential biomarkers for the detection of cardiac ischemia. concentrations of hypoxanthine and/or xanthine in their blood, causing false positive results. In addition, kidney disease and renal failure are two medical conditions which may alter inosine and hypoxanthine test results. This is because the elimination of substances from blood is severely compromised in these patients and even small polar components such as inosine and hypoxanthine may be retained in the bloodstream and cause false positive results. Finally, several food sources may also cause false positive test results. Elevated concentrations of plasma inosine and hypoxanthine can result from high consumption of purine containing food sources, such as organ meats, spinach, and beer, or from the use of nutritional dietary supplements, e.g. inosine for enhancing athletic performance.
Names of biomarker

Summary and concluding perspectives
Myocardial ischemia associated with AMI is a leading cause of mortality and morbidity in the world and a rapid detection and diagnosis of cardiac ischemia are critically important for achieving timely treatment and improving clinical outcomes of patient survival and functional recovery. This minireview provides a brief overview in evaluating the past and current biomarker research for detection of acute cardiac ischemia, especially those biomarkers that may be translatable for use in a point-of-care environment outside of a hospital ER. We hereby propose that the consistent observance, in either animal laboratory or clinical settings, of elevated plasma concentrations of inosine and hypoxanthine, two well-known by-products of ATP catabolism (Figure 1 ), can be used as rapid and sensitive biomarkers for acute cardiac ischemia at an early stage (within 15 min of the ischemia onset), hours prior to the heart tissue necrosis. Inosine/hypoxanthine can also differentiate themselves from other endogenous small organic substances, such as choline and unbound free fatty acids, in which the exact mechanism for their elevated concentrations in the bloodstream remains poorly understood. We should emphasize with caution that total inosine and hypoxanthine concentrations are found endogenously in the body from normal purine metabolism in virtually all cell types and organs, thus making the specificity of these two biomarker candidates of acute cardiac ischemia relatively low (Table 1) , unlike those of highly specific cTn. However, this shortcoming of inosine/hypoxanthine in low cardiac specificity can be superseded by the extremely high sensitivity for detecting the early onset of cardiac ischemia. In particular, our published results using chemiluminescence technology, one of the most affordable and sensitive analytical techniques currently available, demonstrated a rapid, sensitive, and highly reproducible method for measuring plasma total hypoxanthine concentrations in healthy individuals versus cardiac patients with confirmed cTnT elevation. 30 Therefore, our proposed candidate biomarkers (inosine/hypoxanthine) may follow the similar path as IMA biomarker, which also has low specificity and high sensitivity and was approved by FDA for the use in conjunction with other FDA-approved cardiac tests (e.g. ECG and cTn) to improve patient diagnostic accuracy for cardiac ischemia. Nevertheless, additional rigorous clinical studies are needed to monitor in serial the post-AMI plasma inosine and hypoxanthine concentrations, in conjunction with hscTn concentrations, for a better understanding of their tremendous diagnostic potential for early detection of acute cardiac ischemia, prior to heart tissue necrosis.
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